Introduction {#s1}
============

Prosocial behavior refers to voluntary behavior that benefits other people (Eisenberg et al., [@B11]). Studies indicate that prosocial behavior is important for harmonious peer relationships (Greener, [@B18]; Warden and Mackinnon, [@B47]) and positive emotions (Layous et al., [@B25]; Aknin et al., [@B2]).

Ongley et al. ([@B33]) distinguished two types of prosocial behavior, i.e., sharing and donating behavior. The dictator game (Gummerum et al., [@B20]) measures sharing behavior and involves allocating one\'s own items to anonymous recipients in one interaction. Thus, Ongley et al. ([@B33]) considered sharing behavior in that situation to be costly, anonymous and unreciprocated. In contrast, these authors noted that donating behavior was likewise costly, anonymous and unreciprocated but was obviously different from sharing behavior. Donating behavior involves allocating items to recipients who need the items. For example, children were asked whether they were willing to donate candies to poor children in Rubin and Schneider\'s ([@B39]) study. Donating behavior thus reflects caring about disadvantaged groups and has important significance for prosocial development. Therefore, the present study focused on children\'s donating behavior.

More important exploration lies in identifying the key factors related to donating behavior. Previous studies mainly explain prosocial behavior in terms of moral judgments (or moral reasoning) and moral emotion attribution (Eisenberg et al., [@B13], [@B12]; Malti et al., [@B29], [@B30]). Moral judgments and moral emotion attribution represent specific competences in the moral domain. However, it is still not clear whether prosocial behavior also requires general cognitive abilities. Executive function may be a general cognitive ability that is associated with donating behavior. Executive function refers to the control of thoughts, emotions and responses in goal-directed problem solving (Miyake et al., [@B31]; Hongwanishkul et al., [@B21]). In donating situations, the prosocial goals are to benefit disadvantaged people. However, children also have their own needs, thoughts and feelings that may conflict with the prosocial goals. Thus, executive function may be required to successfully engage in donating behavior. Close relationships between donating behavior and executive function as a general cognitive ability would further stimulate investigation into the role of other general cognitive abilities in prosocial behavior.

Executive function comprises various sub-functions (Hongwanishkul et al., [@B21]). Inhibitory control, one such sub-function, may be especially associated with prosocial behavior. Inhibitory control refers to the ability to suppress prepotent and interfering responses in order to achieve a goal (Carlson et al., [@B8]; Rothbart, [@B38]). Theoretically, it has been proposed that self-regulation or self-control capacities play an important role in prosocial behavior (Eisenberg, [@B10]; Gailliot, [@B16]). To achieve a prosocial goal, selfishness and impulsivity that block prosocial tendencies must be overridden (Eisenberg, [@B10]; Gailliot, [@B16]). Thus, individuals with better inhibitory control are likely to display more prosocial behavior such as donating behavior. Empirically, some studies have explored the role of inhibitory control in sharing behavior. Aguilar-Pardo et al. ([@B1]) found that 4- to 6-year old children\'s inhibitory control was positively associated with their sharing behavior. Paulus et al. ([@B34]) further reported a longitudinal association between preschoolers\' inhibitory control and their sharing behavior. However, the recipients of the sharing behavior were the preschoolers\' friends and disliked peers. Thus, it was not clear whether the same results would occur when the recipients were strangers. In addition, Ciairano et al. ([@B9]) found a positive relationship between inhibitory control and cooperative behavior among elementary school children with mean ages of 7, 9, and 11 years. Despite this supporting evidence, some studies fail to reveal the relationships between inhibitory control and sharing behavior in preschool and elementary school children (Liu et al., [@B27]) and in 3- to 8-year old children (Smith et al., [@B42]). Still, the relationships between inhibitory control and other types of prosocial behavior, such as donating, need to be further explored. Moreover, the inconsistent results of previous studies may be related to two important factors.

One important factor is developmental stages. Some previous studies focus on either a mixed sample of preschoolers and school-aged children or a single sample of preschoolers or school-aged children with a wide age range. This sampling method has two shortcomings. First, it is not useful for indicating and comparing the relationships between inhibitory control and prosocial behavior in general developmental stages, namely early and middle childhood. Second, within early or middle childhood, specific relationships between inhibitory control and prosocial behavior at specific ages are difficult to reveal with this sampling method. The relationships between inhibitory control and donating behavior in early childhood may be different from those in middle childhood. According to Piaget\'s cognitive development theories (Piaget, [@B35]; Piaget and Cook, [@B37]), there are substantial differences in cognitive development between early and middle childhood. In early childhood, preschoolers experience centration, which may underlie their egocentrism (Rubin and Schneider, [@B39]). Thus, preschoolers are not good at understanding and caring about others. Although some follow-up studies indicate that preschoolers can understand others\' basic mental states (Wellman et al., [@B48]) but that does not mean others\' needs are their main concerns. In donating situations, although others\' needs are apparent, they are not comparable to the preschoolers\' own needs. Consequently, the preschoolers cannot spontaneously use their inhibitory control to suppress their own needs. Inhibitory control may not be associated with donating behavior in early childhood. However, starting in middle childhood, especially the age of 7 years, elementary school children begin to decenter and become less egocentric (Piaget, [@B35]; Piaget and Cook, [@B37]). In donating situations, although their own needs are still dominant, others\' needs can also catch their attention and become a concern. Therefore, they can spontaneously use their inhibitory control to suppress their own needs. Children with better inhibitory control are likely to donate more. In other words, inhibitory control may play an important role in middle childhood.

A second important factor involves aspects of inhibitory control. Previous studies mainly examine the relationships between the cool aspect of inhibitory control and prosocial behavior. However, the hot aspect of inhibitory control may also be important for prosocial behavior, such as donating behavior. The distinction between cool and hot inhibitory control is based on the distinction between cool and hot executive function. Cool executive function involves abstract and decontextualized problem solving, whereas hot executive function emphasizes affective and motivational problem solving (Zelazo and Müller, [@B52]). Classic cool executive function tasks that assess inhibitory control are Stroop-like tasks (Groppe and Elsner, [@B19]; Bellagamba et al., [@B6]). For example, the day-night Stroop task asks children to say "day" when they see a moon card (Gerstadt et al., [@B17]). Classic hot executive function tasks that measure inhibitory control are delay of gratification tasks (Hongwanishkul et al., [@B21]; Groppe and Elsner, [@B19]). In the gift delay task, children are required not to touch a wrapped gift and to wait as long as possible within a given length of time (Kochanska et al., [@B23]). Thus, cool and hot inhibitory control are different aspects of inhibitory control. Hot inhibitory control especially reflects emotional or motivational inhibition abilities. It is still not clear whether specific aspects of inhibitory control are associated with donating behavior at specific developmental stages.

In sum, the present study aimed to examine the relationships between inhibitory control and donating behavior during childhood. Specifically, it aimed to clarify at what developmental stage inhibitory control becomes associated with donating behavior and which aspects of inhibitory control are associated with donating behavior from early to middle childhood. Two experiments were conducted to clarify these questions. Experiment 1 examined the relationships between inhibitory control and donating behavior in early childhood. Three-, four-, and five-year-old preschoolers were asked to complete a Stroop-like task and a delay of gratification task. A donating situation was then presented to them. Because of preschoolers\' egocentrism, it is hypothesized that inhibitory control is not related to donating behavior in the whole group and any age group of the preschoolers. Experiment 2 further investigated whether relationships between inhibitory control and donating behavior emerged in middle childhood. Elementary school children in Grades 2, 4, and 6 were asked to complete a Stroop-like task and a delay of gratification task. A donating situation was then presented to them. Because of the reduction in egocentrism in middle childhood, it is hypothesized that inhibitory control is associated with donating behavior for elementary school children.

Experiment 1 {#s2}
============

Experiment 1 aimed to investigate whether inhibitory control is associated with donating behavior in early childhood. Three age groups of preschoolers (3-, 4-, and 5-year-olds) were selected. Because Stroop-like tasks and delay of gratification tasks are typical cool and hot inhibitory control tasks, they were used to assess cool and hot inhibitory control, respectively. A revised day-night Stroop task (Bellagamba et al., [@B6]) was used to assess cool inhibitory control because the original day-night Stroop task is difficult for young preschoolers (Gerstadt et al., [@B17]). A delay of gratification task (Traverso et al., [@B46]) was used to measure hot inhibitory control. Donating behavior was assessed with a donating task (Ongley et al., [@B33]) in which the preschoolers had opportunities to donate stickers. For preschoolers, sticker are their favorite objects based on previous studies (Gummerum et al., [@B20]; Ongley and Malti, [@B32]). All these tasks were appropriate for the ages of the preschoolers.

Method
------

### Participants

One hundred three preschoolers were recruited from a local kindergarten. The 3-year-old group comprised 26 preschoolers (10 males, 16 females) between 3.00 and 3.92 years old (*M* = 3.66, *SD* = 0.23). The 4-year-old group consisted of 46 preschoolers (26 males, 20 females) between 4.00 and 4.92 years old (*M* = 4.42, *SD* = 0.33). The five-year-old group comprised 31 preschoolers (13 males and 18 females) between 5.00 and 5.92 years old (*M* = 5.47, *SD* = 0.31). All the preschoolers came from middle-class families. The study was approved by the Research Ethics Board of School of Psychology of Capital Normal University. Informed written consent was obtained from the parents of all the participants.

### Measures

#### Cool inhibitory control

Cool inhibitory control was measured with a Stroop-like task (Bellagamba et al., [@B6]), which is a revised version of the day-night Stroop task (Gerstadt et al., [@B17]). The preschoolers were asked to say "blue" when they saw a red card and to say "red" when they saw a blue card. After confirming that the preschoolers could correctly recognize the colors, the experimenter asked the preschoolers to complete two training trials. If the preschoolers made correct responses, they were praised. If they responded incorrectly, the experimenter repeated the rule and asked them to answer again. Then, the preschoolers completed eight test trials in a fixed random order. Cool inhibitory control scores were calculated with the formula \[(the number of correct responses -- the number of errors)/total time\] (Espy, [@B14]). Total time ranged from 12.34 to 40.93 s for the 3-year-olds, 9.00 to 56.30 s for the 4-year-olds, and 8.00--22.54 s for the 5-year-olds.

#### Hot inhibitory control

A delay of gratification task (Traverso et al., [@B46]) adapted from Kochanska et al. ([@B24]) was used to assess hot inhibitory control. A colorful gift box was placed on a table and presented to the preschoolers. The preschoolers were asked to wait as long as they could before they opened the box. The latency (minute) was recorded and reflected hot inhibitory control.

#### Donating behavior

Donating behavior was measured with a donating task (Ongley et al., [@B33]) adapted from Knight et al. ([@B22]). The preschoolers were given six stickers after they completed the previous tasks. The experimenter then explained that poor children lacked stickers and would be happy to receive them. A donation box with a photograph of poor children was then presented to the preschoolers. The experimenter told the preschoolers that they could choose to give stickers to the poor children or not, as they wished. The experimenter emphasized that the decision to give stickers and how many stickers they chose to give were totally voluntary. Thus, all the preschoolers clearly knew that they did not have to donate stickers if they did not want to. The preschoolers were told that they needed to put the stickers for the poor children into the donation box and put the stickers for themselves into their pockets. They were then left alone to complete the donation. The number of stickers the children donated served as the donating score, which ranged from 0 to 6.

### Procedure

The preschoolers were individually tested in a quiet room. They were first asked to complete the Stroop-like task and the delay of gratification task. Half the preschoolers completed the Stroop-like task first, and the other half completed the delay of gratification task first. After completing the inhibitory control tasks, the preschoolers were given stickers for their participation. The donating task was then presented.

Results and discussion
----------------------

### Developmental trends in inhibitory control and donating behavior

Descriptive statistics of Experiment 1 are shown in Table [1](#T1){ref-type="table"}. Given the wide differences in the variances and score ranges of the different tasks, all the data were standardized before analysis. The group differences in inhibitory control and donating behavior were analyzed. One 4-year-old child and one 5-year-old child did not complete the donating task; thus, they were not included in the corresponding analyses. For cool inhibitory control, an ANOVA indicated a significant effect of age group, *F*~(2,\ 100)~ = 13.96, *p* \< 0.001, η^2^ = 0.218. A *post hoc* Scheffe test indicated that the 5-year-olds performed significantly better on the Stroop-like task than did the 3-year-olds (*p* \< 0.001) and the 4-year-olds (*p* \< 0.001), and 3-year-olds and the 4-year-olds performed similarly (*p* = 0.663). For hot inhibitory control, there was also a significant effect of age group, *F*~(2,\ 100)~ = 3.19, *p* = 0.045, η^2^ = 0.060. A *post hoc* Scheffe test indicated that the 5-year-olds waited longer in the delay of gratification task than did the 3-year-olds (*p* = 0.048) but not the 4-year-olds (*p* = 0.276). The two younger groups had similar performances on this task (*p* = 0.501). In the donating task, the effect of age group was not significant, *F*~(2,\ 98)~ = 0.72, *p* = 0.490, η^2^ = 0.014. The numbers of stickers that were donated were similar for all three age groups.

###### 

Descriptive statistics of Experiment 1.

                           **3-year-olds**   **4-year-olds**   **5-year-olds**                                                                         
  ------------------------ ----------------- ----------------- ----------------- ------------ ------ ------ ------- ------------- ------ ------ ------ ------------
  Stroop                   0.39              0.11              0.53              0.20--0.65   0.42   0.18   −0.01   −0.11--0.89   0.58   0.16   0.64   0.35--1.00
  Delay of gratification   1.19              1.47              2.11              0.09--6.27   1.83   1.77   1.24    0.07--7.72    2.67   3.15   1.09   0.00--9.48
  Donating behavior        2.15              1.80              0.77              0.00--6.00   2.69   1.84   0.28    0.00--6.00    2.40   1.89   0.50   0.00--6.00

Polynomial trend analyses found a significant age-related linear (contrast estimate = 0.14, *p* \< 0.001) and quadratic trend (contrast estimate = 0.05, *p* = 0.043) in Stroop scores and a significant linear trend in delay of gratification scores (contrast estimate = 1.04, *p* = 0.014). There were no specific developmental trends in donating behavior scores. Different development trends in inhibitory control and donating behavior imply that they may not be associated with each other in preschoolers as a whole.

### Relationships between inhibitory control and donating behavior

The relationships between cool and hot inhibitory control and donating behavior were then analyzed. The correlation analyses are shown in Table [2](#T2){ref-type="table"}. Consistent with the trend analyses, Stroop and delay of gratification scores were not significantly correlated with donating behavior scores in the whole group and any age group of the preschoolers.

###### 

Correlations between donating behavior and cool and hot inhibitory control for the whole group and each age group in Experiment 1.

                           **Preschoolers**   **3-year-olds**   **4-year-olds**   **5-year-olds**
  ------------------------ ------------------ ----------------- ----------------- -----------------
  Age                      0.03               −0.28             0.04              0.07
  Gender                   0.05               0.20              −0.18             0.19
  Stroop                   0.06               0.29              −0.05             0.14
  Delay of gratification   0.04               0.07              −0.11             0.14

Experiment 1 indicated that the 5-year-olds had better cool and hot inhibitory control than the 3- or 4-year-olds. These age-related increases are consistent with previous studies (Kochanska et al., [@B24]; Espy, [@B14]; Hongwanishkul et al., [@B21]; Bellagamba et al., [@B6]). Moreover, the numbers of stickers donated were similar for all three age groups. Gummerum et al. ([@B20]) also found a similar trend in 3- to 5-year-olds\' sharing behavior. More importantly, there were no relationships between cool or hot inhibitory control and donating behavior in the whole sample and any age group. These results are consistent with Liu et al. ([@B27]), which showed no relationships between sharing behavior and cool inhibitory control in preschoolers. One possible explanation of the findings is that preschoolers\' egocentrism may cause them to pay more attention to themselves than to others. Therefore, they may not spontaneously use their inhibitory control to suppress their own interests. Inhibitory control is thus not associated with donating behavior in early childhood.

Experiment 2 {#s3}
============

Experiment 2 aimed to further clarify whether the relationships between inhibitory control and donating behavior emerge in middle childhood and whether specific aspects of inhibitory control is related to donating behavior at specific ages. According to Piaget\'s cognitive development theories, children become less egocentric starting at the age of 7 years. There are significant differences in cognitive development between children over the age of 7 years and preschoolers. Thus, second graders were recruited for the experiment. Furthermore, to investigate the relationships between inhibitory control and donating behavior at different ages, fourth and sixth graders were recruited. Stroop-like and delay of gratification tasks that were appropriate for school-aged children were used to test the elementary school children\'s cool and hot inhibitory control. Specifically, cool inhibitory control was measured with a fruit Stroop task (Archibald and Kerns, [@B3]). Hot inhibitory control was assessed with a delay of gratification task (Groppe and Elsner, [@B19]). Donating behavior was measured with Ongley et al.\'s ([@B33]) donating task. Because our pilot study indicated that cartoon pens were attractive for elementary school children, the children were given opportunities to donate cartoon pens in the donating task.

Method
------

### Participants

One hundred and forty children in the second, fourth and sixth grades participated in the experiment. They came from a local elementary school. The second-grade group comprised 53 children (34 males, 19 females) between 7.00 and 9.17 years old (*M* = 7.70, *SD* = 0.46). The fourth-grade group consisted of 43 children (21 males, 22 females) between 9.08 and 10.17 years old (*M* = 9.66, *SD* = 0.28). The sixth-grade group included 44 children (25 males and 19 females) between 11.08 and 12.50 years old (*M* = 11.61, *SD* = 0.33). All the children came from middle-class families. The study was approved by the Research Ethics Board of School of Psychology of Capital Normal University. Informed written consent was obtained from all the participants.

### Measures

#### Cool inhibitory control

Cool inhibitory control was measured with a fruit Stroop task (Archibald and Kerns, [@B3]). Four pages were presented to the children in sequence. The first page comprised 15 colored rectangles that were arranged in rows. The children needed to name the colors of these rectangles as quickly as possible within 45 s. If the children finished before the time limit, they were required to start again from the beginning. If the children made an error, they were required to correct the error and then continue. On the second, third and fourth pages, the procedures were similar, except that the children were asked to respond to fruits and vegetables. The second page consisted of fruits and vegetables in their original colors. For example, bananas were colored yellow. The children were asked to name the color of each item as quickly as they could. The third page comprised fruits and vegetables that were arranged as they were on the second page; however, the fruits and vegetables on the third page had no colors. The children were asked to name the correct color of each item as quickly as possible. The fourth page was similar to the second and third pages except that the fruits and vegetables were colored incorrectly. The children were asked to name the original color of each item as quickly as they could. The number of items completed in each page was recorded. A cool inhibitory control score was obtained using the formula \[page 4 -- (page 1 × page 3) / (page 1 + page 3)\].

#### Hot inhibitory control

Hot inhibitory control was measured with a delay of gratification task based on Groppe and Elsner ([@B19]). Their task was adapted from Wulfert et al. ([@B50]). In the delay of gratification task, the children needed to choose between receiving one immediate reward or more rewards 1 week later. Two types of rewards, cartoon paper clamps and cartoon notebooks that were decorated with cartoon characters, were selected as the rewards based on our pilot study. Specifically, the children could receive one cartoon paper clamp immediately or two after 1 week. Similarly, they could choose between receiving one cartoon notebook now or three later. Only the immediate reward was presented to the children. If the children chose to receive the immediate reward, the reward was given to them at once. If the children chose to wait for more rewards, the rewards were given to them a week later. For each type of reward, whether the children chose to wait was recorded. Choosing the immediate reward was scored as 0. Choosing to delay the rewards was scored as 1. The hot inhibitory control score thus ranged from 0 to 2.

#### Donating behavior

Ongley et al.\'s ([@B33]) donating task was used to assess the children\'s donating behavior. The task has been proven appropriate for elementary school-aged children (Ongley et al., [@B33]). The children were given opportunities to donate cartoon pens that were decorated with cartoon characters to poor children. They were given six cartoon pens. In addition, the children\'s donating time (minute) was recorded to serve as a control variable for the possible relationships between inhibitory control and donating behavior. The time started when the experimenter left the room and ended when the children reported that they had finished donating. All the other experimental procedures were similar to those of Experiment 1.

### Procedure

The children were individually tested in a quiet room. They completed the fruit Stroop and delay of gratification tasks first. Half of the children completed the fruit Stroop task first, and the other half completed the delay of gratification task first. The children were then given cartoon pens for participating in the previous tasks and were presented with the opportunity to donate them.

Results and discussion
----------------------

### Developmental trends in inhibitory control and donating behavior

Descriptive statistics of Experiment 2 are shown in Table [3](#T3){ref-type="table"}. All the data were standardized before analysis. The performances of each age group on the experimental tasks were compared to indicate the developmental trends in inhibitory control and donating behavior. Because of class conflicts, one second grader did not complete the fruit Stroop task, one sixth grader did not complete the delay of gratification task, and two fourth graders and two sixth graders did not complete the donating task. These students were not included in the corresponding analyses. For cool inhibitory control, an ANOVA indicated a significant effect of age group, *F*~(2,\ 136)~ = 20.35, *p* \< 0.001, η^2^ = 0.230. A *post hoc* Bonferroni test showed that the sixth graders performed significantly better on the fruit Stroop task than did the second and fourth graders, *p* \< 0.001, *p* = 0.018, respectively. The fourth graders outperformed the second graders, *p* = 0.002. For hot inhibitory control, there were no significant differences between the age groups in the delay of gratification task, *F*~(2,\ 136)~ = 0.29, *p* = 0.750, η^2^ = 0.004. For donating behavior, an ANOVA yielded a significant effect of age group, *F* ~(2,\ 133)~ = 15.14, *p* \< 0.001, η^2^ = 0.185. A *post hoc* Bonferroni test indicated that the sixth graders donated more than the second graders (*p* \< 0.001) but not the fourth graders (*p* = 0.150). The fourth graders donated more than the second graders, *p* = 0.004. In addition, donating time did not differ between the age groups, *F*~(2,\ 133)~ = 0.40, *p* = 0.668, η^2^ = 0.006.

###### 

Descriptive statistics of Experiment 2.

                           **Second graders**   **Fourth graders**   **Sixth graders**                                                                               
  ------------------------ -------------------- -------------------- ------------------- -------------- ------- ------ ------- -------------- ------- ------ ------- --------------
  Fruit stroop             8.43                 4.72                 0.52                −0.50--22.51   13.08   7.16   0.31    −2.23--32.45   17.03   7.86   0.41    −0.49--36.25
  Delay of gratification   1.08                 0.85                 −0.15               0.00--2.00     1.14    0.86   −0.28   0.00--2.00     1.00    0.85   0.00    0.00--2.00
  Donating behavior        2.74                 1.56                 0.33                0.00--6.00     3.83    1.58   −0.11   1.00--6.00     4.52    1.67   −1.03   0.00--6.00
  Donating time            0.25                 0.14                 1.03                0.00--0.67     0.24    0.22   2.54    0.00--1.21     0.22    0.17   1.55    0.00--0.85

Polynomial trend analyses indicated a significant age-related linear trend in fruit Stroop scores (contrast estimate = 6.08, *p* \< 0.001) and no specific developmental trends in delay of gratification scores. There was also a significant linear trend in the donating behavior scores (contrast estimate = 1.26, *p* \< 0.001). Similar developmental trends in cool inhibitory control and donating behavior suggest that they may be associated with each other in the elementary school children as a whole.

### Relationships between inhibitory control and donating behavior

The correlations between cool and hot inhibitory control and donating behavior are shown in Table [4](#T4){ref-type="table"}. Consistent with the trend analyses, fruit Stroop scores were positively correlated with donating behavior scores in the whole sample. The results were similar for the second graders. A scatterplot of the association is shown in the Supplementary Figure [1](#SM2){ref-type="supplementary-material"}. However, there were no significant correlations between inhibitory control scores and donating behavior scores for the fourth graders. For the sixth graders, delay of gratification scores were positively correlated with donating behavior scores. A scatterplot of the association is shown in the Supplementary Figure [2](#SM3){ref-type="supplementary-material"}.

###### 

Correlations between donating behavior and cool and hot inhibitory control for the whole group and each age group in Experiment 2.

                           **Elementary school children**            **Second graders**                       **Fourth graders**                      **Sixth graders**
  ------------------------ ----------------------------------------- ---------------------------------------- --------------------------------------- -----------------------------------------
  Age                      0.43[^\*\*^](#TN3){ref-type="table-fn"}   0.01                                     0.35[^\*^](#TN2){ref-type="table-fn"}   −0.07
  Gender                   0.01                                      0.18                                     −0.08                                   0.03
  Donating time            −0.12                                     −0.31[^\*^](#TN2){ref-type="table-fn"}   −0.06                                   0.03
  Stroop                   0.32[^\*\*^](#TN3){ref-type="table-fn"}   0.32[^\*^](#TN2){ref-type="table-fn"}    −0.01                                   0.14
  Delay of gratification   0.17[^†^](#TN1){ref-type="table-fn"}      0.16                                     0.04                                    0.43[^\*\*^](#TN3){ref-type="table-fn"}

p \< 0.1,

p \< 0.05,

*p \< 0.01*.

As the relationships between specific aspects of inhibitory control and donating behavior were found for the second- and sixth graders, hierarchical multiple regression analyses were conducted for the younger and older groups. The results are shown in Table [5](#T5){ref-type="table"}. In each regression analysis, age, gender and donating time were entered in the first step. Fruit Stroop and delay of gratification scores were entered in the second step. The dependent variable was donating behavior. For the second graders, the regression model in the first step was marginally significant, *F*~(3,\ 48)~ = 2.43, *p* = 0.077. The control variables accounted for 13% of the variance in donating behavior. Donating time negatively predicted donating behavior. When inhibitory control variables were entered in the second step, the regression model was significant, *F*~(5,\ 46)~ = 3.11, *p* = 0.017. The inhibitory control variables explained an additional 12% of the variance in donating behavior. More importantly, only cool inhibitory control (the fruit Stroop task) was a significant positive predictor of donating behavior. For the sixth graders, the regression model in the first step failed to reach significance, *F*~(3,\ 37)~ = 0.74, *p* = 0.536. The control variables accounted for 6% of the variance in donating behavior. After the inhibitory control variables were entered in the second step, the regression model became significant, *F*~(5,\ 35)~ = 2.54, *p* = 0.046. An additional 21% of the variance in donating behavior was explained by the inhibitory control variables. However, only hot inhibitory control (delay of gratification) significantly positively predicted donating behavior.

###### 

Hierarchical multiple regression analyses predicting donating behavior for the second and sixth graders in Experiment 2.

                            **Second graders**   **Sixth graders**                                                                                                               
  ------------------------- -------------------- --------------------------------------- ---------------------------------------- ------ --------------------------------------- -----------------------------------------
  Step 1                    0.13                 2.43[^†^](#TN4){ref-type="table-fn"}                                             0.06   0.74                                    
   Age                                                                                   0.02                                                                                    −0.21
   Gender                                                                                0.20                                                                                    0.11
   Donating time                                                                         −0.32[^\*^](#TN5){ref-type="table-fn"}                                                  0.01
  Step 2                    0.12                 3.71[^\*^](#TN5){ref-type="table-fn"}                                            0.21   5.00[^\*^](#TN5){ref-type="table-fn"}   
   Age                                                                                   −0.05                                                                                   −0.17
   Gender                                                                                0.23[^†^](#TN4){ref-type="table-fn"}                                                    0.13
   Donating time                                                                         −0.29[^\*^](#TN5){ref-type="table-fn"}                                                  0.03
   Stroop                                                                                0.35[^\*^](#TN5){ref-type="table-fn"}                                                   0.19
   Delay of gratification                                                                0.07                                                                                    0.42[^\*\*^](#TN6){ref-type="table-fn"}

p \< 0.1,

p \< 0.05,

*p \< 0.01*.

Experiment 2 demonstrated that cool inhibitory control increased during middle childhood. Archibald and Kerns ([@B3]) found similar results using the fruit Stroop task. Meanwhile, studies using the stop-signal tasks also report a similar developmental trend in cool inhibitory control (Williams et al., [@B49]; Bedard et al., [@B5]). In contrast, there was no significant age-related increase in hot inhibitory control, which was measured using the delay of gratification task in this experiment. Previous studies demonstrate that children\'s performance on a typical hot executive function task, the Iowa gambling task, is also relatively stable in middle childhood (Smith et al., [@B43]). In addition, the results showed that children\'s donating behavior developed quickly during middle childhood, which is consistent with previous studies (Skarin and Moely, [@B41]; Froming et al., [@B15]). This trend may be related to increased altruistic motivation. Older children have more advanced levels of motivation for altruistic behavior, such as personal willingness to share (Bar-Tal et al., [@B4]).

Moreover, inhibitory control was positively associated with donating behavior in middle childhood. Ciairano et al. ([@B9]) also found a positive relationship between cool inhibitory control and cooperative behavior in elementary school children. When children enter middle childhood, they generally shed their egocentrism. They pay attention to both their own needs and those of others. Thus, children with better inhibitory control can spontaneously suppress their own interests and make a more generous donation. Experiment 2 also showed that specific aspects of inhibitory control were related to donating behavior at specific ages. The second graders\' donating behavior was predicted by their cool inhibitory control, whereas the sixth graders\' donating behavior was predicted by their hot inhibitory control.

General discussion {#s4}
==================

The present study explored whether inhibitory control was associated with donating behavior during development in early to middle childhood. Experiment 1 indicated that inhibitory control was not related to donating behavior in early childhood. Experiment 2 further indicated that inhibitory control was related to donating behavior in middle childhood. Moreover, cool inhibitory control specifically predicted donating behavior during the early stage of middle childhood, whereas hot inhibitory control specifically predicted donating behavior during the later stage of middle childhood.

Classic and age-appropriate Stroop-like and delay of gratification tasks were used to assess cool and hot inhibitory control, respectively, in the present study. The age-related trends generally replicated those of previous studies. The donating task used in the present study is also widely adopted in previous studies (e.g., Rubin and Schneider, [@B39]; Ongley et al., [@B33]). For the preschoolers and elementary school children, stickers and pens were their favorite objects respectively. They clearly knew that poor children lacked these objects and would be happy to receive them. Moreover, the experimenter clearly emphasized that whether and how many items to donate was totally voluntary. The children were left alone to complete their donation. Thus, the donating task measured the children\'s donating behavior, which was based on their willingness. The results found that donating behavior was limited in early childhood but increased significantly in middle childhood. Previous studies also show that from early to middle childhood, children\'s donating behavior develops substantially (Froming et al., [@B15]; Ongley et al., [@B33]). Thus, the development trend in donating behavior in the present study is consistent with previous findings.

The main focus of the present study was the relationships between inhibitory control and donating behavior. The results demonstrated that these relationships differed considerably between early childhood and middle childhood. Inhibitory control and donating behavior were not related to each other in early childhood but were closely connected in middle childhood. Unlike preschoolers, who are characterized by egocentrism, elementary school children are less egocentric and are able to pay more attention to others\' needs. Previous studies also confirm that elementary school children produce more moral justifications during moral evaluations than preschoolers do, and their moral justifications involve the welfare of others (Malti et al., [@B29]; Ongley et al., [@B33]). In contrast, preschoolers mention more hedonistic justifications that focus on their personal needs (Malti et al., [@B29]). Only when others\' needs are noticed can children spontaneously use their inhibitory control to suppress their own needs. Children with better inhibitory control are thus likely to display more donating behavior. Therefore, relationships between inhibitory control and donating behavior were found in middle childhood. In addition, according to Piaget\'s moral development stages (Piaget, [@B36]), preschoolers are at the heteronomous stage of moral development, whereas elementary school children are generally at the autonomous stage. Consequently, elementary school children rely on more internal self-control to carry out donating behavior.

The present study further revealed that during middle childhood, inhibitory control was positively associated with donating behavior, but specific aspects of inhibitory control were related to donating behavior at specific ages. First, there were positive relationships between inhibitory control and donating behavior in the whole group of elementary school children. Telzer et al. ([@B44]) found that participants spent more time making decisions under a costly donation condition. They concluded that more effort may be required for costly donating. Neural evidence further demonstrates that children\'s prosocial behavior is positively related to the cortical thickness in their brain regions of inhibitory control (Thijssen et al., [@B45]). In adults, prosocial decision-making recruits brain regions related to self-control (Telzer et al., [@B44]). Therefore, inhibitory control is required to carry out donating behavior.

Second, cool inhibitory control predicted donating behavior in young elementary school children, whereas hot inhibitory control specifically predicted donating behavior in older elementary school children. During middle childhood, children\'s self-conscious emotions and emotion understanding increase with their self-awareness (Berk, [@B7]). Studies indicate that at this period, empathetic skills (Lonigro et al., [@B28]; Schwenck et al., [@B40]) and the abilities to recognize basic emotions and understand and experience mixed emotions (Leppänen and Hietanen, [@B26]; Zajdel et al., [@B51]) increase with age. Thus, in the donating situation, older elementary school children may not only empathize with the poor children but may also have strong emotional responses to their own gains and losses. Decision-making in a donating situation may be thus an affective process for older elementary school children. In addition, children increasingly make social comparisons when they enter middle childhood (Berk, [@B7]). Older elementary school children are likely to think about their own gains and losses more and thus have more emotional responses. Because emotional responses related to self-interests are still prepotent, hot inhibitory control is especially necessary to override them and induce donating behavior. Some may believe that young elementary school children also have strong emotions sometimes. However, only self-conscious emotions that characterize older elementary school children may induce spontaneous control of the emotions. Additionally, the results did not reveal relationships between inhibitory control and donating behavior in the fourth graders. Previous studies have found that, in middle childhood, children\'s concern for other\'s needs drops at ages 9--10 (Eisenberg et al., [@B13]). Children at this age cannot notice others\' needs adequately and thus cannot spontaneously use their inhibitory control to suppress their own needs. Therefore, neither cool nor hot inhibitory control is associated with donating behavior in children of this age, i.e., the fourth graders in the present study.

Despite the new findings, the present study also has some limitations. First, the results provide an executive function account of donating behavior in middle childhood. However, it is not clear whether this executive function account can be applied to other prosocial behavior. Second, the purpose of the present study is to first clarify the developmental stage at which inhibitory control is associated with donating behavior and the specific aspects of inhibitory control associated with donating behavior at specific ages. Thus, a cross-sectional design was used. Future studies should further confirm the causal relationships between inhibitory control and donating behavior with longitudinal designs. Third, it is important to further examine whether prosocial behavior is associated with other general cognitive abilities, such as intelligence. Finally, some of the tasks provided a very narrow range of scores and small variance in the present study. This might have prevented the finding of correlations between some of the variables. In addition, the sample sizes of the age groups were relatively small and this might have influenced the statistic power. Thus, future studies should use tasks with a wide range of scores and groups of large sample sizes to further examine the relationships between inhibitory control and prosocial behavior such as donating behavior.

Conclusion {#s5}
==========

Inhibitory control is not related to donating behavior in early childhood, but they are closely connected in middle childhood. During middle childhood, cool and hot inhibitory control, respectively, predict young and older children\'s donating behavior. Therefore, donating behavior increasingly relies on specific inhibitory control, i.e., hot inhibitory control as children grow in middle childhood.
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